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INTRODUCTION
The fate of dietary carbohydrates in the reticulo-rumen (herafter
referred to as rumen) of cattle is considerably different from that in the
stomach of a monogastric animal. Instead of a simple hydrolysis which leads
to a rapid absorption of glucose, much of the carbohydrate material is broken
down to volatile fatty acids (VFA) in the runen. A substantial portion of
the ruminants energy requirement is met by the absorption of VFa produced
in the rumen. The breakdown of sugars and starch to VFA in the rumen might
be considered a somewhat inefficient process .-hen compared with digestion
further on down the digestive tract} however, the breakdown of cellulose to
VFa in the rumen is essential for maximum utilization because only small
amounts of cellulose can be degraded in the lower digestive tract.
Cellulose is present in all ruminant rations and in many cases it is
the primary energy source for the animal. A knowledge of when and how cel-
lulose Is degraded in the rumen could provide improved feeding methods which
would increase the utilization of cellulose. This could be of great economic
importance because enormous quantities of cellulose are utilized by ruminants.
Various Jjq vitro artiflciU. rumen techniques have been employed to de-
termine the rate and extent of cellulose degradation by rumen microorganisms.
Attempts have been made to simulate rumen conditions as closely as possible;
however, the complexity of the ruminant digestive system makes this a dif-
ficult task. There is much disagreement in the literature as to when cel-
lulose digestion occurs. This indicates that in. vitro techniques may not
duplicate rumen conditions well enough to determine the rate of cellulose
digestion.
In vivo techniques also have been used to study cellulose digestion.
These methods are not subject to the same limitations &s those of in vitro
methods, and it is possible to determine the extent of cellulose digestion.
However, it i3 rifficult to study rate of digestion because the cellulose
in a given feeding loses its identity when it enters the rumen. Cellulose
digestion is believed to be a slow process, so cellulose from several pre-
vious feedings may be present in the rumen at any given time. Consequently,
a method of identifying the cellulose from a given feeding is essential to
study the rate of cellulose digestion in vivo .
To overcome the limitations of jLn vitro and in vivo techniques, a new
approach using • common roughage such as alfalfa hay labeled with C^ appears
to have merit. A small amount of labeled alfalfa hay placed in the rumen
should be degraded along with any other unlabeled hay fed. The appearance
of labeled VFA in the rumen fluid can be detected by radiological methods
and thus indicate when the labeled hay is degraded.
The most desirable method of determining the rate of cellulose di-
gestion would be to label only the cellulose in alfalfa hay. At the present
time selective labeling of the components of a roughage is impossible so it
appears more desirable to use a uniformly labeled roughage than to use an
extracted cellulose. Extracted cellulose is not a normal feedstuff and is
more accessible to the action of rumen microorganisms than cellulose occur-
ring in its natural form in the plant.
The criterion for degradation of labeled hay in these studies was the
detection of CH activity in the rumen VFA. It was recognized that there
would be labeled VFA in the rumen that resulted from the degradation of the
noncellulose portion of the labeled hay. Therefore the activity in the VFA
would indicate the rate of breakdown of alfalfa hay, but not necessarily the
rate of breakdown of cellulose j however, it was postulated that a general
idea on the rate of cellulose degradation could be obtained since it is gen-
erally accepted that cellulose is digested more slowly than other portions
of hay. Prolon; sd activity in the VFA was expected to be a result of cel-
lulose degradation.
HSVISfc OF LI1BKATUBS
Since the hay used ±r. this study was uniformly labeled with C^ and
there was no way of distinguishing between the VFA produced from its various
components, a review of the literature pertaining to when the ruminal di-
gestion of each component part of a roughage occurs would appear pertinent.
Nearly all of the VFA produced in the rumen are a result of degradation of
nitrogen free extract, crude protein, and crude fiber so each will be re-
viewed separately.
Digestion of Nitrogen Free Extract
According to Boggs et a^. (1957) rumer microorganisms utilized the more
soluble saccharides first and polysaccharides were broken clown when the sup-
ply of readily available energy was reduced. Of the polysaccharides, starch
was more readily available than celluloses. Barnett and Keid (1961) reported
that the carbohydrates in the nitrogen free extract portion of a feed were
rapidly metabolized by the rumen microflora, but the fiber was mors slowly
attacked.
A series of ijj vivo experiments by Ihillipscn and McAnally (19A2) demon-
strated the relationship between type of carbohydrate fed and rate of fermen-
tation in the rumen of sheep. Rapidly fermented sugars such as glucose,
fructose, and sucrose were readily broken down in the ruaen while lactose,
maltose, and galactose were much less efficiently utilized. Starch and
cellulose were attacked slowly. Hale e£ j£» (1947) reported that the pre-
dominant phenomenon during the first 6 hr after feeding hay was the rapid
disappearance of the more soluble nutrients, proteins, and carbohydrates
frora the rumen. Cellulose was only slightly digested during this period.
Digestion of Crude Protein
The broakdo'sn of crude protein in tho rumon results in the formation
of ammonia and fatty acids. 31-Shazly (1951) reported that the level of
ammonia production was correlated \/ith the increased concentration of
branched chain fatty acids. It was concluded that the branched chain fatty
acid fraction was formed due to microbial attack on protein and that prote-
in was apparently broken down rapidly in the rumen. Using sheep fed a par-
tiall; syne thetic diet, Blackburn and Hobson (I960) demonstrated that the
rate of breakdown of protein was related to solubility. Soluble proteins
were rapidly degraded in the rumen and except for a short time immediately
after feeding no measurable quantities vrara found in the rumen. Hale e$ a^.
(194-7) showed that protein Ml rapidly degraded in the rumen during the first
6 hr after feeding. Protein digestion continued at a reduoed rate for the
next 6 hr. No protein was digested after 12 hr following feeding. Silver
(1935) used a technique of sampling rumen contents before feeding alfalfa
hay and sampling at 2 hr intervals after feeding. The sample taken before
feeding contained a higher percentage of crude fiber and lower percentage
of crude protein than the alfalfa hay fed. The sample taken 2 hr after
feeding contained less crude fiber and more crude protein than the previous
sample. Subsequent samples taken at 2 hr intervals showed a general rise
in crude fiber and reduction in crude protein. It was concluded that the
more soluble nutrients ->23S out e -\mon factor than crude fiber.
Digsstion of Crude Fiber
The major constituents of crude fiber are cellulose and lignin. Sullivan
(1955) has demonstrated that lignin digestibility may sometimes be above 10^;
however, Hale fit a^. (19-40) (1947) and Balch (1957) have shown that lignin
digestibility is small. Since it is generally agreed that lignin digesti-
bility is small, the digestibility of crude fiber is primarily concerned with
the breakdown of cellulose.
Digestion of Cellulose
There is disagreement in the literature concerning when cellulose is bro-
ken down in the rumen. Much of this difference of opinion is probably due to
the diversity of jLn. vitro techniques and extreme difficulty encountered when
trying to simulate rumen conditions by laboratory methods. In addition the
source of cellulose has an effect on experimental results, extracted or pu-
rified cellulose is often used for in vitro fermentations. One would not
necessarily expect that an extracted or purifiod cellulose would bo digested
at a similar rate as cellulose normally found in roughage.
ldS Phase . Many of the workers usl.. jj| -Uru techniques have reported
a lag phase which must occur before cellulose digestion becomes apparent.
The lag phase is defined as that period of time after inoculation of the 3,n
vitro fermentation la which no cellulose digestion is detectable. The lag
phase usually varias from C to 12 hr. i recent review by Johnson (1963)
indicates that the lag phase can be varied by changing a number of variables
such as media, buffer lyMea, particle size of cellulose substrate, and
inoculum preparation. S ] its is lly not apparent in the
rumen because of close prolixity to the steady cttte situation but still
may exist on a single celluloce fiber newly Ingtttsd into the rumen.
A relative ly short l£.g phase ras demonstrated by Salsbury §J, nl. (1958)
because 4, 5, t.3, 15.5, 6.9, and 10.3.' of the celluloca in folks Floe,
cotton linters, alfalfa meal, wheat straw, and corncobs respectively were
digested at the end of a 3 hr ii. vitro fermentation. Baungurdt ejt, ej,. (1962)
showed that about 5 of cellule - - nss hay and Yl% of cellulose
in alfalfa hay were degraded at the end of in vitro fermentation.
A somewhat longer lag phase has boon shown by other workers. Donofer
ot il« (1959) reported that the fermentation of nine difforent forage samples,
representing three species of legume and two species of grass out. at various
stages of maturity, demonstrated u lag phase of 2 to 6 hr in which no cellu-
lose was degraded. Lamstra et ul. (1958) using an in vitro technique demon-
strated that there mi Lttle ollulose digest/ hole alfalfa during
the first 7 hr of the fermentation. r>l-Shazly
ajfc J^. (1961b) found that there
was about a 6 hr lag phase for filter paper ferments. 1 is vitro . Dehority e£
ai. (1961) reported that Soli i Ploa that had been '.wst-ball-milled for 6, 24,
or 96 hr was not degraded during the first 6 hr of '_ vitro fermentation.
A longer lag phase h. be:
-ted by some workers.
-Jhazly e_£ £«
(1961a) found that there was uo degradation of filter paper in vitro 12 hr
folic start of the fermentation. Dehority e_fc a^. (1961) using So; ka
Floe oellulose (ground through a 100 mesh screen, . .jtrated a lag phase
of about 12 hr.
The results from iu vivo oxperlmants also suggest that the 1
be variable. Using a technique of coaplsta removal of rumen contents Hale
§1 &*• (1947) reported that no cellulose was digested during the first 6 hr
following fesding. Xadava (1962) u
'
...
__v£ artificial rumen described
by Flna ej a^. (1962) reported that no cellulose la whole alfalfa was da-
graded at the end of a 1 hr ftxatfttattan
.
md Johnson (1950) damon-
^ there was very little digestion of cotton thread suspended in
the rumen of a cow during the first 12 hr. h 12 hr lag phase was also re-
ported by £1-Shaziy aj aj. (1961a) when filter paper in nylon bags was placed
in the rumen of sheep.
73 chase . Zha lag ^hase of eel.. latian is usually followed
by an active digestive phase. The length of ti:ae from the beginning of the
active phase until cellulose digestion ceases is variable. >ork by Donefer
e_t ai. (1959) indicated that tha in. vitro fomentation of both grass and
legume feregei »: a from 6 to 24 hr. Ihere
was very little digestion of cellulose between 24. and 4b hr. Kamstra
«_J a^.
(1958) noted a rapid breakdown cf whole plant cellulose from 7 to 12 hr fol-
lowed by slow breakdo;.. 12 to 24 hr with vary little digestion from 24
to 30 hr. Baumgardt 2l &• (1962) usint; - high quality alfalfa bay £n. vitro
! a rapid breakdown cf cellu tween and IS hr followed b> grad-
ually slower rata up to 42 hr it ;gtion had been ou-
tained.
El-Sbazly e^ jj,. (I96la) showed that an & vitro fermentation of Solka
Floe followed a similar rate of digestion as Solka Floe in a nylon bag which
t;us placed in a sheep rumen. la both cases the eiost active phase of degra-
dation was between 24 and 30 hr. Dehority & <£. (1961) demonstrated that
over 90£ of Solka Floe was degraded between 6 and 30 hr.
In, vivo work by Hale a£ sj,. (1947) indicated that tha most active period
of cellulose digestion was between 6 and 12 hr after feeding and that little
^uloge was digesJ
. and Kamstra (
reported that a If hr in vltr: dor: of 22 different rations „le.
similar digestion coef iedLomtf as stand, rd ion trials of the sane
rations, thus indicating that nearl/ all of tlie cellulose that was going to
bo digested war. digested in 48 h~.
Some workers have suspenda-j nylon or silk bags containing oellulose in
the rumen to determine the rate of cellulose digestion* Using this tech-
nique, Lambert. '>3on (1959} imported that the r.:ost rapid rate of de-
composition of cellulose was daring the first 24 hr. Lusk £,£ aj,. (1962)
using the nylon bag technique concluded that there was no digestion of cel-
lulose in whole alfalfa after 36 hr. (1951) demonstrated that the
most active degradation of cellulose in boat palpi falfa hay, and corn-
cobs that ware suspended in silk bags was during the first 36 hr of the
fermentation.
The in vivo artificial rumon was usad by Yadava (1962) to study the
rate of breakdown of cellulose in whole alfalfa hay. Kesults of this ex-
iment indicated that eellulo; degraded between i and 3 hr
and sic rly degraded from 3 to 24 hr. - ^altdown between 24 and % hr
was rapid with no digestion occu. ftar % hr.
Use of C14 Labeled Nutriants
la recent years there has been considerable affort expended in deter-
mining the netabolic pathways of various end-products of ruminant digestion
such as acetate, propionate, and butyrate. 'Aia use of C1^ labeled VFA has
provided much useful information; however, there has been very little work
with C 3^ libeled polysaccharide or a labeled natural ruminant feedstuff.
Bath and Head (1961) described a technique for labeling a small amount
of perennial rye-grasa with C1^* Hemicellulose and alpha-cellulose were ex-
tracted from rye-grass and added to an in vitro fermentation. The total
labeled VFA content reached a maximum 48 hr after the addition of labeled
alpha-cellulose and 24 hr after the addition of labeled hemicellulose.
Samples of the artificial rumen liquor were removed at these intervals and
analyzed for activity in each of the VFA.
The metabolism of C^ Labeled glucose introduced into the rumen of a
lactating cow has been reported by Otagaki ot aj.. (1963). The specific activ-
ity of rumen VFA was greatest at 1 hr and then decreased steadily until very
little activity was observed 24 hr after administration of the isotope. The
specific activity of VFa. removad from jugular r.nd ruminal vein plasma reached
a peak 15 min after addition of the labeled glucose. This indicated that the
specific activity of rumen VFA might hive been earlier than 1 hr although
there were no samples of nmien fluid taken earlier to substantiate this.
Since C1^ labeled alfalfa hay was not available commercially, a tech-
nique for its production was developed at the Kansas station by Keith et
ajL. (1963). Preliminary trials using C1^ labeled alfalfa have been reported
by Yadava (1962). The labeled alfalfa was placed in the rumen of a cow at
the time of the regular morning feeding. After administration of the isotope
the cow was fed regularly at 12 hr intervals. Samples of rumen fluid, blood,
urine and feces were collected at frequent intervals for 95 hr and assayed
for C * activity. It was recognized that subsequent feedings would result
in unlabeled VFA that would dilute the specific activity of the rumen VFA.
To compensate for this a dilution factor was calculated. The corrected
specific activity was highest at about 40 hr and activity regained in the
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VFA up to 95 hr. From this it vaa concluded that the most active breakdown
of C1* labeled alfalfa hay occurred at about 40 nr and degradation continued
up to 95 hr after the labeled nay reached the rumen.
Use of Polyethylene Glycol as a Marker
A water soluble reference substance is necessary to study rumen volume
or rate of flow of liquid from the reticulo-rumen. Probably one of the most
acceptable materials available is polyethylene glycol (PEG) with an average
molecular weight of 4000. A series of publications by Hyden (1955a t 1955b,
1961) and Sperber et aJL. (1953) have described the characteristics of PEG and
have demonstrated the use of this material. PEG was not destroyed by rumen
microorganisms, was not harmful to them, and was not harmful to the cow when
it was administered at the rate of 500 g per day over a period of several
weeks. PEG was freely soluble in water but was not adsorbed on the rumen
contents. PEG was not detected in the urine when large amounts were placed
in the rumen; but when PEG was administered in the venous system it was
effectively excreted by the kidneys, a turbidimetric method has been devel-
oped to provide a simple, accurate determination of PEG concentration.
Hyden (1955b) reported a 93$ recovery of PEG in the feces when a single
dose was administered through rumen fistula. This work was based on eight
experiments with a cow and four with sheep. The amount of PEG added varied
from 100 to 200 g. Unsatisfactory recovery of PEG in feces was reported by
Christie and I«ssiter (1958) j however, the daily dosage of 15 g was probably
too small for an accurate determination. Corbett et al. (1958) found that
increasing the amount of PEG from 25 to 100 g gave improved but still incom-
plete recovery.
uMP3RI..USHTAL PSOCiDUHE
Experiment 1
Previous work by Yadava (1962) usin< C2^ labeled alfalfa hay indicated
that the degradation of roughage in the rumen nay proceed at a much slower
rata than is suggested by most vsorkers. Since Yadava* s work was baaed on
specific activity which was corrected for dilution due to subsequent feed-
ings, it was necessary to determine the accuracy of the dilution factor. To
eliminate the dilution of specific activity due to subsequent feedings, the
animal was fasted after the initial feeding of C3^ labeled alfalfa.
Preparation of Animal . A 62A lb rumen-fistulated Jersey heifer (No.
16) was maintained for approximately U weeks on a daily ration of 15 lb of
long alfalfa hay fed in equal amounts at 7 AM and 5 PM. On the first day of
the experiment, prior to the morning feeding, a polyethylene venous cathoter
was installed in an external jugular vein. Ihe regular morning ration was
placed tefore the animal and 53.0 g of CU labeled alfalfa hay, containing
3032 microcuries of activity .as thoroughly mixed with the contents of the
rumen. The animal was not fed again during the 72 hr experiment but she had
free access to water and salt.
PplJ-aoUon fi£ Samples. Samples of rumen fluid, blood, urine, and saliva
were collected at frequent intervals (Appendix Table 1, 2, and 4) throughout
the experiment. Immediately after collection all samples were placed in an
alcohol-dry ice chest and were later transferred to a freezer. Rumen fluid
samples ware obtained with a syringe attached to a rubbar tube extending
through the cap of the cannula. A strainer attached to the terminal end of
the rubber tube was maintained in a relatively fixed position in the ventral
area of the rumen. Potassium oxalate solution was used as the anticoagulant
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for blood samples. To prevent coagulation, the catheter was filled with
a 0,l£ heparin solution following the removal of each blood sample. Urine
samples ware obtained by catheterization of the urethra. Saliva samples
wsre obtained from the buccal cavity with a syringe. All syringes were thor-
oughly washed after use to prevent contamination of subsequent samples.
Analysis of Samples . Rumen fluid samples were initially centrlfuged
to remove feed material. The VFA were extracts! fr ai 1 ml of the supernat-
ant fluid by the micro steam distillation method described by Fina and Sinchar
(1959). Half of the distillate was titrated with sodium hydroxide (using a
phenolphthalein indicator) whils nitrogen was bubbled through the distillate.
This half was discarded. An equivalent amount of sodium hydroxide was added
to the remaining half of distillate and this solution was evaporated to about
1 ml with a steam bath. The remaining portion was transferred to a weighed
glass boat and dried under an infra-red lamp. Bach glass boat was weighed
again and the weight of the sodium salt of the VFA was determined by dif-
ference. One ml of water was added to the glass boat to dissolve the salt
of VFA. The boat and solution were placed in a counting vial and 10 ml of
phosphor solution was added. The vial was cooled and radioactivity was
determined with a Packard Tri-Carb, Model 3LJiSS, Liquid Scintillation
Counter. An internal standard was counted to determine the efficiency of
the counter. The sam la counts were corrected for efficiency and background
and were expressed as disintegrations per min perng of sodium salt of VFA*
thus designating specific activity.
Blood, saliva, and urine seapies mere assayed for radioactivity by a
IttosOM 250 ml} 2, 5-diphenyloxazole (ppo) 1.75 gj 1, -4-bis-2-(5-pheny-
loxazolyl)-benzene (P0P0P) 12.5 mg; and naphthalene 25 g*
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modification of a method described by Herberg (i960). A internal standard
was counted (Liquid Scintillation Counter) for each t,pe of sample and ac-
tivity was expressed as disintegrations per rain per ral (specific activity).
Blood (0.2 ml) was dissolved in a solution containing 3 ml of 0.5 H
ethanolic pota3sium hydroxide and 0.5 ml ^stilled water. Rapid mixing
was essential to dissolve the blood. Ten drops of 30$ hydrogen peroxide
was added to change the colcr of the solution from a deep reddish brown to
light yellow and thus reduce color quench.: . d of diotol solution
was added and the sample was counted.
Saliva samples were centrifuged to remove feed material. Five-tentii
ml of the supernatant fluid was dissolved in 3 ml of ethanolic potassium
hydroxide. Ten ml of diotol was added and the sample was counted. Urine
(0.5 ml) wag added to 10 ral of diotol solution and the sample was counted.
Experiment 2
Dilution of specific activity by subsequent feedings was eliminated in
Experiment lj however, there may have been some dilution caused by degrada-
tion of material from previous feedings in the rumen at the start of the
experiment. Experiment 2 was conducted to determine the feasibility of re-
moving all of the material from the rumen and replacing onl. strained rumen
fluid /.1th the regular ration of hay.
A 10^2 lb rumen-fistulated Holstein heifer (No. 20) consuming 20 lb of
chopped alfalfa hay per day was used in this experiment. Half of the daily
ration *u fed at 7 AM and the remaining half fed at 5 PM. On the day the
toluene 500 mlj dioxane 500 ml; a -tUanol 300 mlj naphthalene 104 g;
2, 5-di riienyloxazol3 (PHD) 6.5 g} and 1, 4-bis-2-(5-phenyloxazolyl;-benzene
(P0P0?) 130 Bg.
uexperiment wae initiated, prior to tha son i g, the entire nan
contents were removed and str- _ trough Tour layers of cheesecloth. The
straueu rumen fluid was weighed and mixed tdth 10 lb of ground alfalfa hay
(ffiaeneM Modulus 2.4.0). Two samples (approximately 400 g each) of rumen
contents were coilocte< .er de tenaliiution before the material
was returned to trie rumen, iausen fluid samples were collected at hourly
intervals for 12 hr by the method described in experiment 1. The pfl of the
rumen fluid was determined eac.i nour. Iwaive hr following the start of the
experiment the rumen was emptied, the contents were weighed, and samples
were obtained for dry matter determination. Dry matter digestion was calcu-
lated.
Experiment 3
Since specific activity of rumen VFA was diluted by VTa from previous
and subsequent feedings, it was iwoes ary to use a dilution ,'ictor to cor-
rect specifio activity, iiesuits of iixperiment 1 indicated that the dilution
factor used by Yauava (1962; may have been incorrect. Consequently a dif-
ferent approach was sought to determine when a given amount of roughage is
digested. To accomplish this, it appeared necessary to determine the amount
of C activity in the total rumen VFA; hovravor, this would necessitate
knowing the total weight of rumen contents.
iJolyethylene glycol-* (PJG) ha3 been ueed as an inert marker for deter-
miuing rumen volume. 4 series of three trials was conducted to develop tech-
niques for ;3-«imating the weight of rumen conUnts with PEG. In all trials
P£G was adied as an aqueous solution at regular intervals. The concentration
^Polyglycol #-A000, obtained from Dow Chemical Co., Midland, alichigan.
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of PEG in the rumen was determined before and after an additional amount of
PEG was placed in the rumen. The weight of rumen contents was calculated
from the change in concentration due to a known amount of added PEG and com-
pared with the known weight of rumen contents.
Trial 1. The purpose of this trial was to determine an optimum mixing
time and to develop a sampling procedure. A 1042 lb rumen-fistulated Hol-
stein heifer (No. 20) consuming 20 lb per day of chopped alfalfa hay was
used. Equal amounts of daily ration were fed at 7 AM and 5 PM. Three hr
following the morning feeding the entire rumen contents were removed, weighed,
and returned to the rumen. Fifty g of PEG contained in a beaker was poured
into the rumen. The rumen contents were vigorously hand mixed for 3 min and
a sample of rumen contents was collected. Approximately 400 g was removed
from the rumen by hand and placed in a glass tray. Several small portions of
this material were removed by hand and placed in a 4 oz jar. Samples were
also collected 6, 9, and 12 min after the addition of PEG. The rumen con-
tents were mixed constantly during this period except for the time that sam-
ples were being removed.
Four hr following the initial addition of PEG, the rumen contents were
removed, weighed, and returned to the rumen. A sample of rumen contents was
collected and 50 g of PEG was added. Samples of rumen contents were col-
lected 3, 6, 9, and 12 min after the addition of PEG. The rumen contents
were vigorously hand mixed between sample removal. The concentration of PEG
in the samples was determined by the method described by Hyden (1955a).
Trial 2. The purpose of this trial was to evaluate a different sampling
procedure and determine the effect of quantity of PEG on the accuracy of the
method. The same animal (No. 20) and ration used in Trial 1 was used in this
trial. Prior to the morning feeding the rumen contents were removed and
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strained through four layers of cheesecloth. The residue remaining in the
cheesecloth was discarded. The strained rumen fluid was weighed, mixed with
10 lb of ground alfalfa hay (Fineness Modulus 2.4.0), and returned to the n»en.
Fifty g of PEG was poured into the rumen using a funnel connected to rubber
tubing. The terminal end of the rubber tubing was moved throughout the rumen
while the PEG solution was being added to prevent the concentration of PEG in
any area. The entire rumen contents were mixed for 8 min and a sample was
collected in the following manner. Ten samples of about 25 g each were taken
from different parts of the rumen and placed in a vseighed gallon sampling jar.
The Jar was weighed again and the weight of the sample was determined by dif-
ference. A known dilution of the sample was made with water and the sara. le
was brought to the laboratory for assay. This sampling procedure was used in
all subsequent trials.
Four hr after the start of the trial the rumen contents were removed,
weighed, and returned to the rumen. A sample of rumen contents was then ob-
tained and 10 g of PEG was added to the rumen after sampling. The rumen
contents were mixed for B min and another sample was collected. The concen-
tration of PEG in the samples was determined by the method described by Hyden
(1955a).
THal 2* The purpose of this trial was to demonstrate that the weight
of rumen contents could be accurately estimated with PEG following procedures
developed in the first two trials. A 627 lb rumen-fistulated Jersey heifer
(No. 16) was used in this trial. She was maintained on a daily ration of 14
lb of chopped alfalfa hay fed in equal amounts at 7 &£ and 5 M, On the day
of the trial, before the morning feeding, the rumen contents were removed
and strained through four layers of cheesecloth. The strained rumen fluid
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was weighed, mixed with 7 lb of ground alfalfa hay (Fineness Modulus 2.20),
and returned to the rumen. Forty g of PEG was distributed in the rumen with
a funnel and rubber tubing, and the nun contents were hand mixed for 5 min.
Triplicate samples of rumen conton .'J were obtained. The coarse material was
removed and discarded from one of the samples by straining the sample through
four layers of cheesecloth.
Four and 8 hr after the start of the trial the rumen contents were re-
moved, weighed, and returned to the rumen. Before an additional 40 g of PEG
was added, one sample was obtained from the container while the rumen contents
were out of the rumen, a second sample was obtained from within the rumen,
and a third sample was obtained from within the rumen and strained through
four layers of cheesecloth. After the addition of 4C g of PSG, the mixing
and sampling procedure was similar to that following the initial addition of
PEG at 8 ill.
Experiment U
Preparation of Animal. The purpose of this experiment was to determine
the specific activity of rumen VFA under conditions in which there would be
no dilution due to previous or subsequant feedings. In addition, total ac-
tivity was determined and compared with specific activity. The same animal
(No. 16) and ration used in Trial 3 of Experiment 3 were used in this exper-
iment. Before the morning feeding the rumen contents were removed and
strained through four layers of cheesecloth. The residua remaining in the
flhsssscloth was discarded. The strained rumen fluid was weighed, mixed with
7 lb of ground alfalfa hay (Fineness modulus 2.20), and mturned to the rumen.
C labeled alfalfa hay U7.5g) containing 3152 microcuries of activity was
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placed in the rumen. The animal was faated for 48 hr but had access to water
and salt. Ground alfalfa hay (3.5 lb) was plaoed in the rumen 48 hr after
the start of the trial.
Collection pf, Sauries . Samples of rumen fluid were obtained by the meth-
od described in Experiment 1 and immediately placed in an alcohol-dry ice
chest. At frequent intervals (Table 6) 40 g of PEG was distributed throughout
the rumen and the rumen contents were hand mixed for 5 min. Samples of rumen
contents .ere obtained for PEG determination before and after PEG was poured
into the rumen.
Each time that PEG was added a composite sample of rumen contents was
collected by combining four samples (about 20 g each) that ware approximately
equal in size and dry matter content, and taken from different areas of the
rumen. This sample was immediately placed in an alcohol-dry ice chest.
toft] Yfrfi f o£ Sam vies . The rumen fluid samples were assayed by the same
procedure used in Experiment 1. The activity was expressed as disintegrations
per min per mg of salt of VFA (specific activity). The concentration of PEG
in the samples was determined by the method of Hyden (1955a).
The composite samples of rumen contents were assayed in the following
manner. Duplicate dry matter determinations were made on each sample. Ap-
proximately a third of each dry matter sample was removed and saved for dry
combustion. Cellulose was removed from the remaining dry matter by the
Crampton-Maynard (1938) method. Weighed samples of cellulose and rumen dry
matter were assayed for C * activity by a dry combustion technique described
by Kellsy e_t a},. (1961). The phosphors solution of Jeffay and Alvarez (1961)
was used for counting the samples. The C1^ activity was expressed as dis-
integration per min per mg of sample (specific activity).
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Experiment 5
Since C1* labeled alfalfa hay was produced under environmental condi-
tions which differed from those which existed during the production of field
cured hay, it was necessary to determine whether these two hays would be fer-
mentod at the same rate by rumen microorganisms. Four mixtures containing
different proportions of labeled and unlabled hay (Table 1) were fermented
iS vitro. The specific activity of the VFA produced at various intervals
of time from each of the four mixtures was used as an index of rate of ferastv
tation of the two hays. The ratios of labeled to unlabeled hay in the sub-
strate varied from the approximate ration used in Experiment 4 (1 to 63) to
a substrate containing labeled hay only. The in vitro technique of Baua-
gardt e£ a£. (1962) was used for this experiment.
Table 1. Substrate for ia vitro fermentation
: Ratio of * *
Mixture t labeled to « Labeled * Unlabeled
• unlabeled hay ' hay * hay
I
II
III
IV
mg ag
1j63 31.3 1968.7
1»21 91.0 1909.0
1«7 250.0 1750.0
1*0 2000.0 0.0
Duplicate samples were fermented for each mixture. A 3 ml sample of
rumen fluid was removed from each fermentation flask under anaerobic condi-
tions at 2, 4, 6, 8, 12, 18, and 24 hr and immediately placed in a freeter.
The rumen fluid samples were assayed by a procedure described in Experiment
1. The specific activity at each sampling time was determined and expressed
as disintegrations per rain per mg of salt of VFA (specific activity).
..0
HUB
Sxporiment 1
The specific activity of rumen WA, blood, suliva, and urine assayed
in duplicate is shoim in Appendix Tables 1, 2, 3, and U respectively. The
production of VFA at various times after feeding is shows in Fig. 1 and
Appendix Table 1. The specific activity of rumen VFA, blood, saliva, and
urine that were coilectad at various times following administration of the
isotope is illustrated in Fig. 2, 3, A, and 5 respectively.
The production or VFA (Fig. l) increased rapidly after feeding and
reached a peak at about f hr. After 6 hr. tha level of VFA gradually de-
creased throughout the remainder of the experiment. The peak production of
VFA occurred about 2 or 3 hr later than would normally be expected and the
production of VFA was higher &t 12 hr than at hr. The delayed peek ay-
have been a result of the animals not consuming all of her ration until
about 8 hr after the start of the experiment.
The specific activity of rumen VFa (Fig. 2) increased rapidly following
administration of the isotopa with the peak activity occurring at A hr. The
activity diminished rapidly for the next 8 hr. There was little change in
specific activity from 12 hr until the end of the experiment.
The specific activity of urine (Fig. 5) followed a similar pattern as
the rumen VFA| however, the rise and decline trailed the activity of the
rumen VFA by i-bout 2 hr. The urine activity diminished gradually from 12
hr until th8 end of the experiment although there was a second small peak
at 42 hr.
specific activity of saliva (Fig. A) was erratic during the first
21
few hours. This may have been duo to poor sampling. Generally the activ-
ity in saliva was high during the first few hours and gradually diminished
up to 72 hr.
The specific activity of blood (Fig. 3) followed an entirely different
pattern than rumen VFA, urine, or saliva. Specific activity was low during
the first few hours and increased to a peak at about 10 hr. Specific activ-
ity decreased from 12 to 24 hr and than gradually increased from 24 to 72
hr. The specific activity at the end of the experiment was slightly higher
than the early peak at 10 hr.
Experiment 2
This experiment was conducted to determine t&ether hay placed in an
empty rumen with strained runen fluid would be digested normally. The pH
of rumen fluid sampled at hourly intervals is shovm in Table 2.
#
Table 2. pH of rumen fluid at various time intervals following the complete
removal of rumen contents and reintroduction of strained rumen
fluid and a normal ration of hay.
Hours 12 3 A 5 6 7 8 9 10 11 12
pH 7.2 6.9 6.7 7.0 7.0 7.1 6.9 7.0 7.1 7.2 7.2 7.3 7.2
The pH of rumen fluid followed a relatively normal pattern. The pH drop-
ped after the start of the trial and reached the lowest level at 2 hr. The pH
reached the level found at the start of the trial at 9 hr and then remained at
a fairly constant level until the end of the experiment. Although the magni-
tude of the drop in pH at 2 hr was not so great as would normally be expected,
it was considered normal for the conditions of this experiment.
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At the start of the trial the rumen contained 10 lb of dry matter which
comprised 16$ of the total rumen contents. Twelve hr later the rumen con-
tained 6.1 lb of dry matter which comprised b.l& of the total rumen contantr.
From this it was calculated th it 3956 of the dry matter present at the start
«a« removed in 12 hr. The trial was stopped at 12 hr because it was evident
from dry matter removal and pH that digestion was proceeding at a normal
rate. Also the odor of rumen fluid was normal and gas bubble* wers numerous
which suggested an active fermentation.
Experiment 3
: rUa 1. HM MN&tS of tfelfl triil Mill MM M I | OMwV ll onti" te
the weight of rumen contents are shoro in Table 3. Increasing the mixing
time appeared to increase the accuracy at 11:30 A\Sj however, this trend
was not evident at 4:00 FM. The sampling procedure of removing several
samples from the rumen by hand and taking a sample of the composite for
analysis was not satisfactory because it was difficult to obtain a sample
that had the same proportion of dry matter as that of the rumen contents.
It appeared that improved sampling was necessary to estimate accurately the
weight of rumen contents.
Trja^ 2. Results of this trial are shown in Table U* An improved
sampling technique described in the Experimental Procedure was used. The
calculated weight of rumen contents was very close to the known weight at
8:00 AM.
At 12 noon a smaller quantity of PSG was used than at 8AM. It was ap-
parent that the smaller amount of P'^G adversly affected the accuracy of th*
technique. For example, at S: 00 AM the expected change In concentration
Table 3. Estimation of weight of rumen contents using PEG marker
(Experiment 3, Trial 1)
Sample : Mixing : PEG concn * PEG concn * chanSe
no.l time in sample in rumen2 <a
: : t : concn-5 t
Calculated i % of known
wt rumen t wt of rumen
contents * contents^
rain mg/g mg/g BJg/g
lit 30 AM after PEG added
I
1A
IB
0.072
0.076
1.08
1.14
1.08
1.14
46296
43859
65.2
61.7
2A
2B
0.061
0.064
0.92
0.96
0.92
0.96
54348
52083
76.5
73.3
3A
3B
0.049
0.058
0.74
0.87
0.74
0.87
67568
57471
95.1
80.9
4A
4B
12
12
0.050
0.051
0.75
0.77
0.75
0.77
66667
64935
93.8
91.4
4*00 PM before PEG added
5A
5B
0.044
0.041
0.66
0.62
4:00 PM after PEG added
6A
6B
3
3
0.102
0.102
1.53
1.53
0.87
0.91
57471
54945
96.3
92.0
7A
7B
6
6
0.108
0.105
1.62
1.58
0.96
0.96
52083
52083
87.2
87.2
It
8B
9
9
0.100
0.100
1.50
1.50
0.84
0.88
59524
56818
99.7
95.2
9A
9B
12
12
0.093
0.092
1.40
1.38
0.74
0.76
67568
65789
113.2
110.2
A and B designate duplicates assayed on two different dayg.
2Sample initially diluted 1*3 with water. Method used 4 ml sample, 5 ml
reagents, and 11 ml water. Total dilution 1*15.
^Change in concentration due to addition of 50 g PEG.
^Calculated wt expressed as % of known wt of rumen contents. Known wt at
11*30 AM was 71051 g. Known wt at 4»00 PM was 59701 g.
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Table 4. Estimation of weight of rumen content from two different quanti-
ties of PEG (Experiment 3, Trial 2)
Before PEG added j After PEG added | change | Calculated J % of known
Sample j
no.* t
Concn in j
rumen :
Sample t
no.l t
Concn in » in 2 :
rumen : concn .
wt rumen
contents
,
—
1 wt of rumen
l
contents-'
mg/g g/g mg/g
8»00 AM
1
0.
0.
0.
u
IB
1C
1.60 1.60
1.58 1.53
1.60 1.60
12 1 00 noon
31250
31646
31250
98.1
99.3
98.1
2A
2B
2C
0.86
0.86
0.87
3A
3B
3C
1.16 0.30
1.16 0.30
1.15 0.29
33333
33333
34483
80.3
80.3
83.1
A, B, and C are triplicate samples assayed at the same time,
p
Change in concentration due to the addition of 50 g at 81OO AM and 10 g
at 12:00 noon.
^Calculated wt expressed as % of known wt of rumen contents. Known wt
were 31865 g at 8»00 AM and 41505 g at 12i00 noon.
based upon the known weight of rumen contents and 50 g of added PEG was 1.57
mg/g. Sample 1A differed from the theoretical change in concentration by
0.03 mg/g but the error in estimating the weight of rumen contents was only
1.9^. The theoretical change in concentration at 12:00 noon was .24 mg/g.
Samples 2A and 3A indicated a change in concentration that was in error by
.06 mg/g. While this error was only twice as large as that at 8»00 AM, the
error in estimating the weight of rumen contents was ten times larger.
The results of this trial indicated that a satisfactory estimation of
the weight of rumen contents could be made if PEG was added at a rate of at
least 1 g/20 lb body weight of the animal.
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Trial 3. The objoc' of this tria] its I - that ] Jd
he usad to estimate accurately the weight of rumen contents* The results
are shovax i. Table 5. lloatt samples of rumen contents agreed well*
There appeared to ha a greater day to day variation in the asray proeec''
than between implicate samples. Ono sample of rumen contents was strained
through cheesecloth each time PEG was added to determine how accurately
the weight of runen contents coultf he determinad from strained rumen fluid.
The re.sults indicated that the v.ieight of rumen contents could not satis-
factorily be estimated from a sample of strained rumen fluid but cculd be
estimated with r:.ccuracy when the -.-hole rumen contents wnrs sampled.
Sxperiment U
The production of VFA, specific activity of rumen VFA, and totr.1 activ-
ity iu the rumen VFA are shown in Ap.endix Table 6 and graphically illus»
trited in Fig. 6, 1, and 8 respectively. Specific activity (Fig.7) increased
rapidly following adrainistration of the isotope, reached a peak at 8 to 10
hr, and then gradually declined until 48 hr. "Jhen additional feed was placecl
in tha rumen at 48 hr VFA production (Fig. 6) increased rapidly and there was
a corresponding decrease in specific activity (Fig. 7). The total activity
in rumen VFa (Fit*. 8) was unaffected by the additional feed.
PEG was used to estimate the weight of rumen contents at regular inter-
vals throughout the trial. Duplicate determinations of tha weight of rumen
contents are shown in Table 6. These data were used for calculating the
total activity in rumen VFA. The total amount of dry matter and cellulose
in the rumen at regular intervals throughout the trial is shown in Table 7.
Tha specific activity of csllulose and rumen dry matter is shown in Ap-
pendix Table 7. The total activity in cellulose and dry matter remaining in
Table 5. Estimation of weight of rumen contents with PEG when sample con-
sisted of either whole rumen contents or strained rumen fluid
(Experiment 3, Trial 3)
Before PEG added * After PEG added * Change Calculated , % of known
Sample t
no.-'- t
i
Concn in %
rumen •
mg/g
Sample
:
no.1 I
i
Concn in :
rumen j
*in
concn*2
wt rumen
contents
wt of rumen
contents^
mg/g mg/g g
8i00 AM
0.
0. IB8
1.55
1.49
1.55
1.49
25806
26846
94.0
97.7
0.
0.
2Aa
2B*
1.53
1.49
1.53
1.49
26230
26846
95.5
97.7
0.
0. 3Bb
1.90
1.89
12i00 >
1.90
1.89
icon
21053
21164
76.6
77.1
4AC
4BC
0.85
0.78
7A«
7B*
2.20
1.98
1.37
1.23
29197
32520
94.6
105.3
5Aa
5*
0.83
0.75
8Aa 2.17
2.03
1.34
1.28
29851
31250
96.7
101.2
6Bb
0.87
0.82
9A
b9B
2.30
2.17
1.47
1.42
27211
28169
88.1
91.2
4>00 PM
10AC
10BC
1.89
1.68
13Aa
13B*
3.40
3.12
1.51
1.47
26490
27211
107.3
110.2
ma 1.89
1.65
14Aa
14B8
3.50
3.22
1.61
1.57
24845
25478
100.6
103.2
12Ab
12Bb
1.98
1.91
15Ab
15Bb
3.72
3.36
1.83
1.71
21858
23392
88.5
94.7
*A and B designate duplicates assayed on two different days.
2Change in concentration duo to the addition of 40 g PEG. Samples 5 and
11 were used in calculating change in concentration at 12s00 noon and 4»00 PM
respectively.
^Calculated wt expressed as % of known wt of rumen contents. Known wt
were 27467 g at 8i00 AM, 30872 g at 12i00 noon, 24697 g at 4*00 PM.
v
>-\tes of rumen contents taken from rumen.
Samples taken from rumen and strained through 4 layers of cheesecloth.
cSamples of rumen contents taken from container when rumen contents were
removed to be weighed.
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Table 6. Estimation of weight of rumen contents with PEG at regular inter-
vals throughout Experiment 4
Hour J
i Before
Sample
no.
PEG added I
: Concn in 1
t rumen :
i After
Sample
no.
PEG added i
: Concn in
t rumen i
i Change t
t in i
t conor- i
Calculated
wt rumen
contents
mg/g mg/g mg/g g
2 1A
IB
1.22
1.18
1.22
1.18
32787
33898
4 24
2B
1.18
1.24 3B
2.56
2.56
1.38
1.32
28986
30303
8 4i
4B
2.12
1.96
St
5B
3.50
3.43
1.38
1.47
28986
27211
12 64
6B
3.05
3.00
7A
7B
4.60
4.30
1.55
1.30
25806
30769
16 8A
8B
4.55
4.50
9A
9B
5.90
5.78
1.35
1.28
29630
31250
24 12A
12B
7.15
6.90
13A
13B
9.00
8.75
1.85
1.85
21622
21622
28 14A
14B
7.30
8.00
15A
15B
9.40
9.80
2.10
1.80
19048
22222
32 16A
16B
9.74
9.35
17A
17B
11.52
11.33
1.78
1.98
22472
20202
36 18A
18B
8.73
9.02
19A
19B
10.45
10.56
1.72
1.54
23256
25974
40 20A
20B
9.90
9.63
21A
21B
11.55
11.22
1.65
1.59
24242
25157
u 22A
22B
10.34
11.10
23A
23B
12.10
12.83
1.76
1.73
22727
23121
48
24B
11.94
11.44
25A
25B
13.64
13.20
1.70
1.76
23529
22727
50 26A
26B
9.90
9.02
27A
27B
11.33
10.67
1.43
1.65
27972
24242
52 28A
28B
9.57
9.13
29A
29B
10.62
10.12
1.05
.99
38095
40404
56 30A
30B
9.02
9.02
31A
31B
10.01
10.12
.99
1.10
40404
36364
60 32A
32B
7.87
7.59
33A
33B
9.02
8.75
1.15
1.16
34783
34483
I40 g PEG were added each time samples were taken.
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Table 7. Total weight of dry matter and cellulose in the rumen at regular
intervals throughout Experiment 4
Hour
t Sample »
I no. t
Wt rumen
contents^
*
-
*
1 *«* 1 Wt 114 J
Cellulose t
% of m i Wt cellulose
g g g
16392 3366 1079
2 3A
3B
33343 10.92
10.90
3641
3634
29.73
30.35
1083
1103
4
4B
29644 10.89
11.32
3228
3356
31.51
33.46
1017
1123
S 5A
5B
28099 8.69
8.91
2442
2504
30.21
31.23
738
782
12 6&
6B
28288
ii
8.61
8.39
2436
2373
29.97
29.73
730
706
16 7A
7B
30443
i
8.25
7.94
2512
2417
27.65
26.59
694
643
24 94
9B
21622
*
7.96
7.76
1721
1678
25.33
25.23
436
423
28 10A
10B
20635
I
7.69
7.40
1587
1527
25.62
24.75
407
378
32 11A
11B
21337
n
7.53
7.70
1607
1643
24.69
25.32
397
416
36 12A
12B
24615 7.71
7.50
1898
1846
29.39
28.97
558
535
40 13A
13B
24242
ii
8.43
8.32
2044
2017
29.43
30.40
601
613
44 14A
14B
22924 9.26
8.74
2123
2003
31.02
30.15
659
604
48 15A
15B
23128 9.34
9.44
2160
2183
30.51
31.21
659
681
50 16A
16B
26107
n
11.14
11.60
2908
3028
31.45
31.60
915
957
52 17A
17B
39250 10.45
10.62
4102
4168
31.29
32.22
1283
1343
56 18A
18B
38384
n
9.59
9.71
3681
3727
31.14
31.32
1146
1167
60 19A
19B
34633
n
9.30
9.55
3220
3308
32.21
32.49
1037
1075
^•See Table 6.
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the rumen is shovn in Appendix Table 7 and graphically illustrated in Fig. 9«
The total activity was calculated by multiplying the specific activity of
cellulose or dry matter (Appendix Table 7) by the weight of cellulose or dry
matter in the rumen (Table 7) at each sampling time. It is evident from data
presented in Fig. 9 that the most active period of degradation of dry matter
and cellulose was the first 12 hr after the labeled hay was introduced into
the rumen. There was little removal of cellulose or dry matter after 36 hr.
The removal of cellulose is shown in Fig. 10. This was based on 1370
microcuries of qH activity in the cellulose at the start of the trial. The
percentage of cellulose removed at each sampling time was calculated by
dividing the activity in cellulose removed (Appendix Table 7) from the rumen
by the total activity in the cellulose at the start of the trial.
Experiment 5
The specific activity of VFA is shown in Table 8. It was Impossible to
compare the specific activity of all the treatments at each sampling time be-
cause a different amount of activity was present at the start of the fermen-
tation so the activity at each sampling time was expressed as a percentage of
the activity of the same fermentation at 24 hr. A comparison of these per-
centages reveals that the different treatments followed a similar increase in
specific activity at each sampling time. It was concluded that the labeled
and unlabeled hays were digested at a similar rate.
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Table 8. Specific activity of VFA. production in vitro of several ratios of
labeled to unlabeled substrate
Hrl
J
Dup- i Specific activity (DPM/mg) : % of specific activity at 24 hr
licate 1 12 I II i III i IV * I * II : III 1 IV
2 1
1
510
439
968
856
2488
3549
27810
23715
35.7
38.8
38.5
30.8
27.8
38.1
36.8
31.2
4 1
1
972
842
1502
1949
4570
6492
48677
46122
68.1
74.4
59.8
70.2
51.1
69.7
64.4
60.8
6 1
1
994
822
1267
1931
5743
6693
55476
51472
69.7
72.7
78.3
69.6
64*2
71.9
73.4
67.8
8 A
3
1127
884
2017
2028
6558
6043
62391
62112
79.0
78.2
80.3
73.1
73.3
64.9
82.5
18.8
12 A
1
1024
1130
1864
2573
6484
6865
68073
55872
71.8
99.9
74.2
92.7
72.5
73.7
90.0
73.6
18 1
1
1311
1140
2587
2115
8880
8403
69990
66153
91.9
100.8
103.0
76.2
99.3
90.2
92.5
87.2
24 A
1
1427
1131
2512
2775
8943
9312
75627
76898
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
••Hr after start of fermentation.
2
I Ratio of labeled to unlabeled hay 1:63.
II Ratio of labeled to unlabeled hay 1:21.
Ill Ratio of labeled to unlabeled hay 1:7.
IV Ratio of labeled to unlabeled hay 1:0.
DISCUSSION
Previous work by Yadava (1962) and Experiments 1 and 4 of this thesis
were based on the principle that a small amount of C*4 labeled alfalfa hay
placed in the rumen would become intimately mixed with the unlabeled hay fed
at the same time. The degradation of the labeled hay would be expected to be
representative of the degradation of the total roughage fed. The rate of
breakdown or digestion was based on the specific activity of the rumen VFA at
varying Intervals of time after administration of the isotope. It was postu-
lated that the level of specific activity in the rumen VFA at a particular
time would correspond to the breakdown of roughage at that time.
If the labeled hay was actually thoroughly mixed with unlabeled hay, it
seems that the labeled and unlabeled roughages would break down and produce
VFA at a corresponding rate. Any increase in rate of digestion of labeled
hay would be accompanied by a corresponding increase in rate of digestion of
unlabeled hay. This would result in a rapid increase in the specific activ-
ity of the rumen VFA when the labeled hay starts to break down and then re-
main at a constant level until some outside source of VFA dilutes the
specific activity. The outside source of VFA could be produced from break-
down of roughage already in the rumen due to previous feedings or from new
roughage fed after administration of isotope. If this reasoning is correct,
it seems that the specific activity might remain at a given level over an ex-
tended period of time, even though the rate of digestion was changing during
that same time period.
Dilution of specific activity by VFA resulting from subsequent feedings
IMS eliminated in Experiment 1 because the animal was fasted. As expected,
the specific activity of the rumen VFA rapidly increased during the first few
hours after adding the labeled hay. However, instead of remaining at a high
level, the specific activity dropped rapidly and at 12 hr it leveled off and
remained at a constant level throughout the remainder of the experiment. The
fall in specific activity may have been due to dilution resulting from break-
down of cellulose remaining in the rumen from previous feedings. It is pos-
sible that the addition of new feed stimulated digestion of feed already in
the rumen. Another possible reason for the drop in specific activity was
that the animal did not readily eat all of her unlabeled hay ration until
about 8 hr after administration of the Isotope. The breakdown of this hay
would dilute the specific activity of the VFA. In this particular trial one
could not necessarily assume that the labeled and unlabeled hays were digested
at the same rate since much of the unlabeled hay was not even in the rumen at
the time the labeled hay started to break down.
If the theory advanced by Yadava (1962) that the level of specific ac-
tivity of rumen VFA at a particular time corresponds to the breakdown of
roughage at that time is correct, the results of Experiment 1 suggest that
maximum breakdown of alfalfa hay occurred during the first 12 hr. These
findings are not in agreement with the conclusions of Yadava (1962) that the
maximum breakdown of roughage occurred at about 40 hr. The specific activity
of urine and saliva (Experiment 1) followed the same general pattern as rumen
VFA to give further evidence that maximum breakdown of roughage occurs during
the first 12 hr.
The specific activity of blood peaked at about 8 hr and a second peak
appeared near the end of the experiment. Since it was not known in what form
the r* existed in blood, it is difficult to draw any conclusions from the
second peak of activity. It might be conjectured that C1^ waa being metabo-
lized for a considerable period of time from the Cr* body pool.
A study of Fig. 2 (Experiment l) reveals that there was very little
change in the specific activity of rumen VFA from 12 to 72 hr. According to
the previously mentioned supposition, this would suggest that the labeled hay
was digested at a constant rate during this period. The possibility that
this was happening over a 60 hr period appears remote. A more logical expla-
nation would be that an equilibrium had been reached between the labeled VFA
oand the unlabeled VFA produced from previous feedings and the unlabeled hay
fed. If this were the case, it suggests that the level of specific activity
of rumen VFA would not necessarily reflect the amount of breakdown of a
roughage at any particular time. To pursue this line of reasoning, a trial
was conducted in which there was no dilution due to previous or subsequent
feedings.
Results of Experiments 2 and 3 showed that digestion could proceed in a
somewhat normal fashion and the weight of rumen contents could be accurately
determined when all of the roughage in the rumen was discarded and the
strained rumen fluid was replaced along with a small amount of roughage.
Using these techniques, Experiment L, was conducted and the specific activity
and total activity of the rumen VFA was determined.
Under the conditions of Experiment 4» the specific activity of rumen VFA
was expected to increase when labeled hay started to be digested and remain
at that level until additional unlabeled hay was fed. However, the specific
activity leveled off for only a few hours and then started to decrease gradu-
ally. The only explanation for this decrease was that some hay and wood
shavings (used for bedding) were consumed by the cow despite efforts to pre-
vent her from eating. It was not known how much material was consumed but it
is possible that enough was eaten and digested to dilute the specific activ-
ity. A comparison of Fig. 2 (Experiment l) and Fig. 7 (Experiment 4) sug-
gests that some VFA are produced from material already in the rumen and
dilute the specific activity since the specific activity shown in Fig. 2
dropped much more rapidly than that shown in Fig. 7.
Dilution of specific activity by subsequent feedings was clearly demon-
strated in Experiment 4. When feed was placed in the rumen at 48 hr the
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production of VFA immediately increased (Fig. 6) and the specific activity of
the rumen VFA showed a corresponding decrease (Fig. 7).
Since the level of specific activity of rumen VFA resulting from the
breakdown of labeled lay was affected by previous and subsequent feedings, it
did not appear that specific activity was a satisfactory measure of the
breakdown of labeled hay. A more logical method for determining when the
labeled hay is broken down is to determine the amount of activity in the
total rumen VFA at regular intervals after administration of the isotope.
This was done by determining the activity in a given weight of rumen con-
tents, determining the total weight of rumen contents, and calculating the
activity in the entire rumen VFA.
Immediately after administration of the isotope there was activity in
the rumenj however, activity did not appear in the rumen VFA until the
labeled hay started to break down. One would expect that as more labeled hay
was digested a greater amount of activity would be present in the rumen VFA.
Since no information on the rate of absorption of VFA was available, it would
not be entirely correct to assume that the total amount of activity in the
rumen VFA at a particular time reflected the amount of digestion at that
time. However, it appears that total activity would in general reflect the
rate of digestion of labeled hay.
The total activity graph (Fig. 8) looked very much like the specific
activity graph (Fig. 7); however, the similarity in shape of the two should
not be construed as conveying the same meaning. The shape of the curves at
48 hr clearly illustrates the difference between the graphs. While the feed-
ing of unlabeled hay diluted the specific activity, it had no apparent effect
on total activity. The decrease in total activity following the peak at
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about S to 10 hr indicates that digestion of labeled hay was slowing down and
the labeled VFA were being absorbed at a greater rate than they were being
produced. It is possible that there was no digestion of labeled hay toward
the end of the experiment, and the activity present was merely from labeled
VFA that were not yet absorbed. From the level of total activity of the
rumen VFA it was concluded that the most rapid breakdown of Cr* alfalfa hay
was during the first 12 hr. Digestion continued at a reduced rate up to
36 hr. There was very little digestion after 36 hr. It should be remembered
that in this experiment all of the previous feedings were removed from the
rumen and only about a third of the dry matter was present as would be found
nomally. It is possible that under these conditions the microorganisaf
attacked the newly ingested hay more rapidly since it was the only available
suostrate. It is impossible to draw any conclusions concerning cellulose
digestion from total activity because some of the activity w<?s probnbly con-
tributed by proteins and other carbohydrates. It is possible that the peak
activity at 8 to 10 hr (Fig. 8) may hive been caused by digestion of carbohy-
drates along with cellulose.
An analysis for C * activity in the rumen dry matter and cellulose at
regular intervals following the administration of labeled hay offered a dif-
ferent approach to determining when the labeled hay was digested. It slso
made available some direct information pertaining to the rate of cellulose
digestion. It is apparent from the results presented in Fig. 10 that the
digestion of cellulose began shortly after the administration of the labeled
hay and proceeded at a rapid rate for the first 24 hr. There was some diges-
tion of cellulose between 24 and 36 hr. At 36 hr the digestion of cellulose
appeared to cease. The rste of cellulose digestion in this experiment was in
general agreement with the literature, although there was little evidence of
a lag phase.
The termination time of cellulose digestion (Fig* 10) was in general
agreement with the termination time exhibited by the total activity (Fig. 8).
This suggests that most of the activity in the rumen VFA, (Fig. 8) after 12 hr
was a result of cellulose digestion. When cellulose digestion stopped there
was very little activity in the rumen VFA.
The agreement between Fig. 8 and Fig. 10 (Experiment 4) gave added evi-
dence that total activity was a better method than specific activity for
indicating when labeled hay is digested. Between 36 and 48 hr the specific
activity (Fig. 7) was approxime tely one-third of the peak level even though
no cellulose was digested during this period. Therefore, specific activity
would leave the erroneous impression that digestion was taking place between
36 and 48 hr when actually the breakdown of labeled hay probably terminated
at 36 hr when the digestion of cellulose ceased.
It was concluded from these experiments that total activity of VFA was a
more reliable measure than specific activity for indicating when labeled hay
is digested. While it was necessary to fast the animals in the experiments
to study the dilution of specific activity, fasting would not be necessary if
one were interested only in total activity of VFA since subsequent feedings
have no effect upon total activity. It appears that the rate of degradation
of labeled hay could be determined under normal conditions by placing the
labeled hay in the normal rumen, feeding unlabeled hay in the usual manner,
and determining the total amount of activity in the rumen VFA at regular
intervals following administration of the isotope.
While total activity in rumen VFA may be 3 useful indicator of when
alabeled hay Is degraded, it does not directly indicate when cellulose is
broken down. Since Cr* activity is present in the non-cellulose portion of a
roughage other methods are necessary for determining the rate of cellulose
digestion. The technique of determining the total amount of activity in cel-
lulose in the rumen at regular intervals appears to be a useful method. The
animal could be maintained under normal conditions and fed in the usual man-
ner. In addition the r?te of degradation of sugars, starch, or proteins
could be achieved by a modification of this method.
It is recognized that the rate of degradation of alfalfa hay and cellu-
lose in these experiments may be subject to error because the conditions in
the rumen were not normal; however, the techniques developed may be of value
in future work. It is believed that the continued use of (£4 labeled alfalfa
hay along with improved methods will make a contribution to the present know-
ledge of rumen metabolism.
CONCLUSIONS
1. Specific activity of rumen VFA was diluted by VFA produced from degrada-
tion of previously ingested feed and from degradation of feed introduced into
the rumen following the addition of C1^ labeled alfalfa. This suggests that
the level of specific activity will not indicate when C0* labeled alfalfa is
degraded in the rumen.
2* Polyethylene glycol was a suitable marker for determining the total
weight of rumen contents when the rumen contents were removed, strained
through cheesecloth and the strained rumen fluid combined with half of the
daily hay ration was replaced in the rumen.
3. The level of total activity in the rumen VFA was a more reliable measure
than the level of specific activity of rumen VFA for indicating when C1^
labeled alfalfa was degraded in the rumen*
4* A technique for determining the rate of cellulose degradation of C *
labeled alfalfa was developed. The total activity of cellulose in the rumen
at various tim«g was compared with the total activity of cellulose initially
introduced into the rumen.
5* The most active period of cellulose degradation in this study occurred
during the first 12 hr with little degradation after 36 hr. Abnormal condi-
tions in the rumen may have caused cellulose to be degraded at a more rapid
rete than would occur in a normal rumen*
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Table 1. Production of ruaen VFA and its specific activity following feeding
of C1^ labeled alfalfa ( Experiment l)
Hr aftertir r t .
administration t iamH9
of isotope no.
: Wt of I Micromole of
t Na salt i VFA/ml rumen
I of VFA I fluid2
j : DPK/mg of
: DPM^ : Na salt of
i t rumen VFA
0.17
0.33
0.50
10
11
1A
IB
0.0037
0.0028
2A
2B
0.0033
0.0035
3k
3B
0.0035
0.0036
4A
4B
0.0034
0.0034
5A
5B
0.0039
0.0039
it
6B
0.0042
0.0042
7A
7B
0.0045
0.0045
8A
8B
0.0040
0.0040
9A
9B
0.0044
0.0042
10B
0.0038
0.0036
11B
0.0038
0.0039
12A
12B
0.0035
0.0039
13A
13B
0.0026
0.0037
14A
14B
0.0037
0.0038
79.4
80.2
76.2
77.6
74.0
76.4
71.8
74.0
83.4
35.2
91.4
92.2
95.6
97.8
86.8
90.8
94.0
98.8
83.0
81.2
85.0
88.0
88.2
86.8
85.8
88.6
84.6
85.2
564
573
152
205
1131
1064
343
304
1538
1680
439
467
1880
1971
553
580
10204
10056
2616
2578
10789
11491
2569
2736
20216
20287
4492
4508
12922
13502
3231
3376
11353
10893
2580
2594
8962
8438
2358
2344
6771
6531
1782
1675
5267
5056
1505
1296
3178
4187
1222
1132
3844
3687
1039
970
Table 1 (cont.)
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Hr after : . t Wt of I Micromole of j t DFM/mg of
administration I 5amPfe t Na salt i VFA/ml rumen * DPK3 » Ha salt of
of isotope t no * i of UFA : fluid2 i t rumen VFA
12 15A
15B
0.0036
0.0034
83.8
81.6
3358
3267
933
961
U 16A
16B
0.0031
0.0030
70.0
68.6
2629
2473
848
824
16 17A
17B
0.0031
0.0031
68.6
67.8
2616
2418
844
780
18 18A
18B
0.0038
0.0026
60.6
56.2
2193
2098
783
807
20
191
0.0024
0.0026
52.0
55.2
2042
2096
850
806
22 20A
20B
0.0023
0.0024
49.0
49.0
1847
1900
803
792
24 21A
21B
0.0024
0.0024
49.8
48.6
1962
1920
818
800
27 22A
22B
0.0021
0.0022
44.0
42.8
1280
1360
610
618
30 23A
23B
0.0019
0.0019
35.0
36.6
1053
1042
554
548
33 24A
24B
0.0018
0.0019
33.2
33.2
1009
924
561
486
36 25 0.0037 40.9 1729 467
40 26 0.G025 26.1 1464 586
44 27 0.0020 17.5 1164 582
48 28 0.0021 18.4 1042 496
52 29 0.0027 20.2 1276 469
56 30 0.0023 14.0 1169 508
60 31 0.0026 17.8 971 373
Table 1 (concl.)
Hr after » „ , * Wt of « Kicromole of i
administration : aamPte i Na salt $ VFA/ml rumen I
no.-*- . ^ „„,
'
. ,?
: fluid4 tof isotope : i of VFA
» DFK/mg of
Dai3 t Ka salt of
» rumen VFA
64 32
g
0,0019 11.4 929 489
68 33 0.0017 12.4 1040 612
72 34 0.0013 9.4 729 560
A and B designate duplicate*.
2VFA titrated with .9225 N NaOH.
'Counts per minute corrected for efficiency. See Appendix Table 5.
Table 2. Specific activity of jugular vein blood following feeding of C1^
labeled alfalfa (Experiment l)
•».<
Sample t
no. ^ t
Sample
Eize >3 ! DJPM/ml Hr1 J Sample :no. 2 j Samplesize \ DFM3 J DFW/ml
1 ml
5A 0^2 22 20A 0.2 a4 2070
5B tt 20B it 409 2045
II 82 410 24 21A it 366 1S30
6B tt 30 150 21B n 263 1315
74 n 52 260 27 22A n 323 1615
7B 10^ 520 22B n 384 1920
H « 220 1100 30 23A n 362 1810
8B I 319 1595 23B it 375 1875
9A R 254 1270 33 24A n 422 2110
9B I 444 2200 24B « 401 2005
10A I 397 1985 36 25A n 280 1400
10B II 509 2545 25B ii 397 1985
11A II 414 2070 40 26A it 500 2500
11B 496 2480 26B • 573 2865
12A II 504 2520 44 27A n 362 1810
12B n 401 2005 27B H 444 2220
10 13A it 414 2070 48 28A H 556 2780
13B 466 2330 28B II 568 2840
u 14A tt 530 2650 52 29A II 500 2500
14B it 478 2390 29B n 457 2285
12 15A it 483 ?415 56 30A n 440 2200
15B n 435 2175 30B ti 530 2650
14 16A ti 448 2240 60 31A tt 452 2260
16B n 397 1985 31B it 444 2220
16 17A it 461 2205 64 32A N 646 3230
17B 504 2520 32B 607 3035
18 1BK H 302 1510 68 33A It 577 2885
18B II 332 1660 33B It 457 2285
20 19A It 336 1680 72 34A II 483 2415
19B II 289 1445 34B It 440 2200
Hours after administration of isotope.
^k and B designate duplicates.
^Counts per minute corrected for efficiency. See Appendix Table 5»
Table 3. Specific activity of saliva following
alfalfa (Experiment l)
feeding of C1^ labeled
Hr1
i Sample
t no.
2
I Samplf
t size
1
; vr) ; DPM/ml *»;
Sample «
no.2 i
21B
Sample
size
0.5
1
'DP*3 !
I t
298
311
DPM/ml
6A
6B
ml
0.5 793
700
1586
1400
24 596
622
n
7B
H
n
2967
2931
5934
5862
27 22A
22B
n
it
380
391
760
782
8A
8B
ti
1
1264
1339
2328
2678
30 23A
23B
I
it
251
289
502
578
9A
9B
n
1
116a
1168
2336
2336
33 24A
24B
I
n
543
747
1086
1494
10A
10B n
915
846
1830
1692
36 25A
25B
n
n
251
264
502
528
11A
11B
2185
2003
4370
4006
40 26A
26B
•t
it
328
289
656
578
10 13A
13B
1! 804
829
1608
1658
44 27A
27B 1
213
176
436
352
11 ia
14B
II 689
623
1378
1246
48 28A
28B
it
it
240
187
480
374
12 15A
15B
I
1
879
837
1758
1674
52 29A
29B
it
I
220
176
440
352
14 164
16B
•1 346
631
1692
1262
56 30A
30B it
223
149
446
298
16 17A
17B
It
I
782
785
1564
1570
60 31A
31B
it
n
303
275
606
550
18 18A
18B
It
n
675
876
1350
1752
64 32A
32B
ii
it
99
107
198
214
20 19A
19B
I 868
915
1736
1830
68 33A
33B
I
it
256
287
512
574
22 20A
20B
n
it
372
388
744
776
72 34A
34B
it
M
146
127
292
254
Hours after administr<ition of iflotope.
2
A and B designate duplicates.
^Counts i per minute corrected for efficiency. See Append!x Table 5.
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Table 4. Specific activity of urine following feeding of C14 labeled alfalfa
(Experiment l)
*| Sample *no. 2 i Samplesize ; **3 ; DFM/ml Hr1 * Sample *t no. 2 t Samplesize | dpm3J DFM/ml
'
ml
0.17 1A
IB
0.5
tt
29
51
58
102
12 15A
15B
0.5 13611
13889
27222
27778
0.33 2A
2B
N
II
687
687
1374
1374
14 16A
16B
n 11076
10927
22152
22854
0.50 3A
3B
II
II
1733
1716
3466
3432
16 17A
17B
II
tl
13622
13749
27244
27498
1
4B
n 2404
2496
4808
4992
18 ISA
18B
It
II
10660
10798
21320
21596
2 5A
5B n
14971
15016
29942
30032
20 19A
19B
It
1
12176
12142
24352
24284
3 II
6B
ti 25222
26064
50444
52128
22 20A
20B
II
n
11571
11676
23142
23352
4 7A
7B I
28011
27587
56022
55174
24 21A
21B
it
tt
10989
11144
21978
22288
5 8A
8B
M
tl
24738
24396
49476
48792
27 22A
22B
n
tt
9989
9651
19978
19302
6 9A
9B
I
n
26851
26776
53702
53552
30 23A
23B
H
tt
8240
8327
I648O
16654
7 10A
10B
it
tt
31071
30520
62142
61040
33 24A
24B
it
it
7444
7487
14888
14974
8 11A
11B
tt
ti
30500
30782
61000
61564
36 25A
25B
it
tt
5451
5564
10902
11128
9 12A
12B
N
tt
27293
26542
54586
53084
40 26A
26B
n
•t
7018
6956
14036
13912
10 13A
13B
II
tt
15124
14540
30248
29080
44 27A
27B
it
n
8620
8444
17240
16888
11 ia
HB
tt
II
11333
11958
22660
23916
48 28A
28B
N
•t
6004
5713
12008
11426
Table 4 (concl.)
H*l : Sample t
t no.^ »
Sample :
size i
uPM3 | L>FM/ml hrl
|
i Sample :
i no. 2 i
Sample
size
DPH/ml
ml ml
52 29A
29B
0.5
1
6909
6869
13818
13738
64 32A
32B
0.5
I
2998
2942
5996
5884
56 30A
30B
1
it
4216
4102
8432
8204
68 33A
33B
l
it
2513
2456
5026
4912
60 31A
31B
2311
2304
4622
4608
72 34A
34B
»
n
2567
2456
5134
4912
Hours after administration of isotope.
2
A and B designate duplicates*
^Counts per minute corrected for efficiency. See Appendix Table 5«
Table 5. Determination of efficiency of counter
Type i I Wt standard I J i I
of t bamPle i benzoic C1* i DFM i CPM I Efficiency » ,If
r
?
ge
Sample no, Mid1 efficiency
%
^Radioactivity 5760 DH4>g.
%
Urine 1
2
0.0117
0.0062
67392
35712
30306
16121
44.97
45.14 45.06
Saliva 1
2
0.0104
0.0107
59904
61632
21866
22229
36.50
36.06 36.28
Blood 1
2
3
4
0.0071
0.0059
0.0071
0.0071
40896
33984
40896
40896
9875
7853
9098
9488
24.15
23.11
22.25
23.20 23.18
Rumen VFA 1
2
0.0105
0.0118
60480
67968
27349
30626
45.22
45.06 45.14
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Table 6. Production of rumen VFA, specific activity of rumen VFA, and total
activity in total rumen VFA following feeding of C1* labeled
alfalfa (Experiment 4)
Hr after 1
administration t
of isotope t
Sample
no.*
2A
2B
J Wt Of t
:Na salts
« of VFA s
g
0.0125
0.0123
Micromole of
VFA/ml rumen
fluid2
t :
1 DPM3 t
s t
DFK/mg t
of Na salt s
of rumen VFA s
Microcurie
in total
rumen VFA
0.5 139.3
149.7
3656
3113
292
253
1 3A
3B
0.0112
0.0109
136.0
122.6
4956
4673
443
429
2 4A
4B
0.0076
0.0079
84.8
98.0
10051
9633
1323
1219
148
3 5A
5B
0.0086
0.0086
94.7
98.0
16844
17424
1959
2026
4 6A
6B
0.0093
0.0100
106.2
127.7
20800
20884
2237
2088
278
5 7A
7B
0.0109
0.0122
114.5
135.4
22507
23327
2065
1912
6 8A
8B
0.0099
0.0098
114.5
116.7
22573
24216
2280
2471
7 9A
9B
0.0102
0.0091
114.5
104.6
22262
22056
2183
2424
1 10A
10B
0.0085
0.0082
98.0
99.1
22153
21860
2606
2666
278
9 11A
11B
0.0090
0.0081
100.2
95.8
22036
21667
2448
2675
10 12A
12B
0.0078
0.0080
89.2
91.4
20780
21242
2664
2655
11 13A
13B
0.0084
0.0081
100.2
93.0
20898
21609
2488
2668
12 14A
14B
0.0074
0.0080
82.0
92.5
17900
17887
2419
2236
228
16 15A
15B
0.0067
0.0062
76.0
70.5
14482
14536
2160
2345
199
62
Table 6 (cont.)
Hr after t „ , i Wt of I Mlcromole of : J DFW/mg : Microcurie
administration i !^P1 I Na salt t VF&/ml rumen t DPM3 i of Na salt I in total
of isotope t : of VFA t fluid 2 t t of rumen VFA * rumen VFA
16A
16B
0.0057
0.0055
63.3
65.5
11729
10980
2058
1996
17A 0.0050 58.9 9227 1845
18A
18B
0.0040
0.0037
46.2
42.4
5764
5840
1441
1578
19A
19B
0.0035
0.0034
38.5
37.4
4833
4726
1381
1390
20A
20B
0.0027
0.0029
20.8
35.8
2989
2816
1107
971
21A
21B
0.0028
0.0025
32.5
27.5
2649
2760
946
1104
22A
22B
0.0028
0.0024
33.6
28.1
2226
2256
795
940
23A
23B
0.0026
0.0025
27.5
25.9
1933
1969
743
788
2a
2^3
0.0037
0.0039
42.9
47.3
1647
1731
445
444
25A
25B
0.0049
0.0042
55.6
46.8
1458
1400
298
333
26A
26B
0.0059
0.0062
65.0
66.6
1391
1333
236
215
27A
27B
0.0067
0.0074
69.4
79.3
1249
1218
186
165
28A
28B
0.0073
0.0071
89.7
90.3
942
958
129
135
29A
29B
0.0065
0.0069
83.7
77.6
889
938
137
136
30A
30B
0.0068
0.0069
87.0
90.3
747
727
110
105
20
24 89
28 54
32 46
36 32
40 30
44 23
48
48.5
49
50
51
52
53
54
63
Table 6 (conol.)
Hr after i Sampi e
administration i ^1
of isotope i
Wt of
I Na salt
i of VFA
1 Micromole of
I VFA/ml rumen
i fluid2
: l DFW/mg
DM* i of Na salt
tof rumen VFA
t Microcurie
t in total
: rumen VFA
55 31A
31B
1
0.0057
0.0058
67.7
71.6
587
553
103
95
56 32A
32B
0.0060
0.0068
76.0
78.7
636
658
106
97
11
57 33A
33B
0.0053
0.0046
72.7
68.3
447
456
84
99
58 34A
34B
0.0058
0.0059
72.7
77.1
478
473
82
80
59 35A
35B
0.0042
0.0043
54.0
65.0
373
300
89
70
60 36A
36B
0.0049
0.0051
63.9
73.8
416
356
85
70
6
\
^k and B designate duplic-
^A titrated with .1101 H
|*0«
NaOH,
3
^Counts per minute corrected for efficiency • See Appendix Table 5< •
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T.-ible 7. Specific activity of dry matter or cellulose in rumen contents and
total activity in dry matter or cellulose at various times follow-
ing the feeding of (£4 alfalfa (Experiment 4)
1H, .i 'I," ,.a_j
Hr after { Specific activity . Total microcui*ie3 : p
administration ! 1 microcuries/g . in rumen :
Dry matter * Cellulose *
Cellulose
of isotope I 1 Dry matter J Cellulose * removed
2 1.218 0.997 4431 1089 20.5
4 1.182 1.000 3891 1070 21.9
8 1.173 1.026 2901 780 43.1
12 1.181 0.698 2840 501 63.4
16 1.065 0.671 2624 449 67.2
24 0.842 0.673 1431 289 78.9
28 0.607 0.605 945 237 82.7
32 0.601 0.431 977 175 87.2
36 0.580 0.425 1086 232 83.1
40 0.300 1.014 609 615 55.1
44 0.263 0.377 543 238 82.6
48 0.226 0.413 491 278 79.7
50 0.174 0.148 516 139 89.9
52 0.186 0.102 769 134 91.2
56 0.197 0.211 730 244 82.2
60 0.136 0.163 444 172 87.4
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It has been difficult to determine whan cellulose is degraded in the
rumen because cellulose from any given feeding loses its identity when it is
mixed with cellulose that remains from previously ingested feed. The use of
C*4 labeled alfalfa provides a means of identifying the cellulose from a
given feeding and therefore, may provide a method for determining when cellu-
lose is degraded in the rumen*
An animal was fasted for 72 hr following the initial addition of C1^
alfalfa and unlabeled alfalfa. Specific activity of rumen VFA increased
rapidly, peaked at U hr and then decreased rapidly until the twelfth hr.
Thereafter, specific activity remained at a low level until the experiment
was terminated. It was postulated that the rapid decrease in specific activ-
ity was due to dilution by VFA resulting from previously ingested faad. To
test this an experiment was conducted in which the rumen was emptied and re-
filled with strained rumen fluid, C1^ labeled alfalfa, and a regular feeding
of unlabeled alfalfa. The animal was fasted for 48 hr. Specific activity
increased rapidly, peaked at 9 hr, and then gradually declined to L$ hr. The
slower rate of decline in specific activity as compared vdth the first exper-
iment suggests that VFA from previous feedings dilute specific activity.
When additional unlabeled alfalfa was placed in the rumen at 48 hr, specific
activity dropped precipitously, thus indicating that subsequent feedings also
dilute specific activity.
Total activity of rumen VFA was calculated by determining the weight of
rumen contents with polyethylene glycol and determining the amount of activ-
ity in a known weight of rumen contents. G1^ labeled alfalfa was placed in
an empty rumen with unlabeled alfalfa and strained rumen fluid and the animal
was then fasted for 43 hr. The maximum total activity in the rumen VFA
occurred at 4 to 8 hr and then declined. There was little activity remaining
after 36 hr.
While total activity appears to be a satisfactory indicator of the rate
of degradation of alfalfa, it does not specifically indicate when cellulose
is degraded because other components of the hay are labeled. The total
amount of cellulose and the specific activity of cellulose in the rumen was
determined at regular intervals following the addition of C1^ labeled
alfalfa, unlabeled alfalfa, and strained rumen fluid to an empty rumen. The
total activity of cellulose in the rumen at various times was compared with
the total activity of cellulose initially introduced into the rumen. The
most active degradation of cellulose occurred during the first 12 hr and
there was little degradation after 36 hr.
Although the conditions in this study were abnormal because the undi-
gested feed residue in the rumen was removed and the animal was fasted, it
would appear that the techniques developed to determine the rate of cellulose
breakdown might be used when an animal is fed in a normal manner.
